Summary. The influence of low and high fibre diets upon carbohydrate tolerance was examined in five maturity-onset, non-insulin dependent diabetics. After 14 days on a diet rich in natural fibre (30 g/ day), the subjects consumed a high fibre (13 g) test meal. They, then ate a low fibre diet (10 g/day) followed by a low fibre (1 g) test meal. Mean basal plasma glucose concentrations were similar after both fibre diets; however, both mean basal plasma insulin and gastric inhibitory polypeptide (GIP) were sigriificantly lower after the high fibre diet. After the high fibre test meal, significantly lower mean plasma glucose, insulin and GIP concentrations were measured. This study is the first study to demonstrate the ability of an institutionally supervised diet of natural foodstuffs rich in fibre to improve carbohydrate tolerance in maturity-onset, non-insulin dependent diabetics. This finding is relevant to the dietary management of diabetics.
Since fibre causes an improvement of carbohydrate tolerance in human subjects, it is an important factor to be considered in the dietary management of noninsulin dependent diabetics. The introduction of fibre into the diabetic diet has been approached in two ways in closely supervised studies: the first is the addition of fibre to meals [1] while the second is an overall enrichment of the diet with fibre-rich foods [2, 3] . Both of these approaches have demonstrated the beneficial effects of dietary fibre upon carbohydrate tolerance in diabetics. However, if fibre-rich diets are going to be useful to a large diabetic population, then it is necessary for institutional nutrition staff and kitchen to be able to prepare and supervise the diabetics' fibre-rich dietary regimen.
This study has taken this latter practical approach to assess the effect of fibre present in foods commonly eaten by Western'populations upon carbohydrate tolerance in five maturity-onset, non-insulin dependent diabetics confined to a geriatric care centre.
Subjects and Methods
Five maturity-onset, non-insulin dependent diabetics (4 females, 1 male) were studied (Table 1) . They were all residents of a medically supervised nursing home and were habitually consuming a normal Western diet (15 #day dietary fibre). The study was approved by the Human Experimentation Committee of the University of Toronto and informed consent was obtained.
Patients consumed a high fibre (HF) diet (approximately 30 g/d dietary fibre) for 14 days, followed by a similar period on a low fibre (LF) diet (approximately 10 g/d dietary fibre). A daily diet plan is outlined in Table 2 . All food was prepared in a central kitchen and the menu rotated during the course of the study. On the last day of each of the high and low fibre diet periods, subjects consumed a weighed breakfast at 0800 h. No other food or beverage was permitted until 1230 h when a basal blood sample was obtained and subjects consumed a weighed meal consisting of normal foods which contained either 1 g (LF) or 13 g (HF) of indigenous dietary fibre. The test meals were identical in other nutrients (Table 3 ) and are outlined in Table 4 . All foods were consumed under investigators' supervision. Diet composition was calculated from recently published tables which provide data on total soluble and non-soluble dietary fibre in food [4, 5] . Treatment with oral hypoglycaemic agents and other medications was kept constant throughout the study.
Blood samples were collected via an indwelling venous catheter. After the basal sample at 1230 h, five postprandial samples were taken at 30 min intervals. Blood was transferred to heparinised tubes, centrifuged immediately and the resulting plasma was stored at -20 ~ Plasma glucose was determined by the glucose oxidase method (Beckman glucose analyzer 2); plasma immunoreactive insulin 0012-186X/81/0020/0018/$01.00 [6] and gastric inhibitory polypeptide (GIP) [7] were measured by double antibody radioimmunoassays. Wright's guinea pig anti-insulin serum (lot 623), human insulin standards (Novo lndustri. Copenhagen, DK) and mono-iodinated bovine insulin were used in the insulin radioimmunoassay: the lower detection limit was 30 ng/l. Brown's guinea pig anti-GIP serum (GP 25), porcine GIP standards and mono-iodinated GIP were used in the GIP radioimmunoassay; the lower detection limit was 60 ng/l. The within and between assay reproducibility expressed as coefficient of variation was 0.08 and 0.14 at a level of 250 ng/1. The data were analysed using Student's t test for paired comparisons.
Results
All subjects tolerated both diets without difficulty and no significant changes in body weight occurred during either phase of the study. All subjects noted an increase in bowel frequency and stool bulk during high fibre diet. Medication did not differ between test periods. The LF and HF test meals were consumed over 15 and 25 rain periods.
Basal plasma glucose concentrations were similar after the LF and HF diet periods (Fig. 1) . After the LF meal, plasma glucose peaked 60-90 rain postprandially and returned toward baseline by 150 min. The maximum plasma glucose increase was 30%. By contrast, after the HF meal, the maximum plasma glucose increase was 14% with significantly lower concentrations detected 30, 60 and 90 rain postprandially.
Lower basal plasma IRI concentrations were measured after the HF diet period (Fig. 1) . Sixty min after the start of the LF test meal, plasma IRI increased significantly (p <0.05) and declined gradually over the remaining 90 rain of the test. After the HF test meal, significantly lower plasma IRI was detected at 60, 90 and 120 min. The increment in the plasma IRI response was significantly reduced 60 inin after the t-IF meal (7.7 ___ 4.3 mU/1 (HF) vs 14.8 _+ 9.8 mU/]; p < 0.05).
Lower basal plasma GIP concentrations were detected after the HF diet period (Table 5 ). After the LF meal, plasma GIP concentrations rose in parallel with IRI and remained elevated over the 150 rain sampling period. Plasma GIP concentrations at 30 and 60 rain postprandially were lower (p < 0.05) after the HF test meal. GIP increment responses did not differ after the two test meals. The study is the first to demonstrate that an institutionally supervised diet of natural foodstuffs rich in fibre significantly reduces the postprandial rise of plasma glucose and insulin in maturity-onset, noninsulin dependent diabetics. This observation is not novel, but the approach to achieve it is, Previous studies have utilised either meals supplemented with fibre [1] or fibre-enriched diets [2, 3] . The fact that a comparable effect can be achieved in a geriatric care centre environment is particularily relevant to diet therapy for diabetics. The observed effect cannot be ascribed to alteration m carbohydrate intake [8, 9] since fibre content was the only variable in the diets and test meals. A significant portion of the carbohydrate in the high fibre diet was present in the form of fresh fruit and vegetables. A diet based upon raw plant food has previously been reported to reduce insulin requirements in diabetics [10] ; this effect was attributed in part to impaired digestibility of unruptured cells [11] . In the present sutdy, it is not know if the observed reduction in postprandial glycaemia was due to a quantitative reduction in carbohydrate absorption or due to an alteration in the rate of absorption or peripheral glucose uptake.
The diminished plasma insulin increase after the high fibre meal paralleled the glycaemic response and is consistent with the effects observed after ingestion of other types of fibre including that present in normal foods and gel forming polysaccharides such as guar [12] [13] [14] [15] . Lower basal plasma insulin and GIP concentrations perhaps reflect an overall lowering of glucoregulatory hormones in response to 14 days of the high fibre diet in these diabetics. Reduced postprandial GIP responses are consistent with previous observations [15] . Basal and postprandial plasma GIP concentrations may reflect an alteration in the turnover of intestinal GIP caused by a more distal jejunal site of glucose absorption.
The improved carbohydrate tolerance detected in this study was achieved with diets consisting of normal, palatable foodstuffs. The results demonstrate a significant reduction in both basal and postprandial insulin concentrations after the high fibre diet/meal. Significantly reducing the demand for pancreatic insulin could have important implications: a less challenged pancreas with a better insulin reserve may reduce the risk of both diabetes and its complications
[16].
